In recent year, increasing attention has been directed to the study of interactions between oral microorgani. A summary of the literature and a new approach to the study of such phenomena was published recently by Rosebury, Gale, and Taylor (1954 
tion.
Interest in phenolsulfatase derives ultimately from the posibility that it may act on the chondroitin sulfate of tissues (Folis, 1951) although its definitive substrates are aryl sulfates (Fromageot, 1950) . The presence of phenolsulfatase in buman saliva has been established by Chauncey et al. (1954) . However, since they did not find this enzyme in either parotid secretion or in mixed broth cultures of salivary microorganisms, they suggested that it was supplied by the shed tissue cells in saliva. On the other hand, Barber, Brooksbank, and Kuper (1951) and Whitehead, Morrison, and Young (1952) have reported the production of phenolsulfatae by staphylococci, an aerobic sporing bacillus, several species of Salmonella, and several "cold-blooded" species of Mycobacterium.
MATER S AND METHODS
Phenolsulfate broth. The broth employed was composed as follows: Beef extract (Bacto), 10.0 g; peptone (Bacto), 10.0 g; yeast extract (Bacto), 2.5 g; sodium chloride (reagent grade), 5.0 g; dis-I This research was aided by a contract, DA- 49-007-MD-460, between the Office of the Surgeon General, Department of the Army, and the University of Rochester. tilled water, 1,000 ml. The pH was adjusted to 7.4, and the medium was sterilized by aiutoclaving at 120 C for 20 minutes. A 0.1 M aqueous solution of potassium phenolphthalein disulfate, synthesized by the method of Whitehead et al. (1952) , was sterilized by filtration and added aseptically to the sterile broth in the proportion of one volume per cent, to give a final concentration of 0.001 M. The medium was finally dispensed aseptically into 6 by Y inch test tubes in portions of 10 ml. This medium is identical to that of Whitehead et al. (1952) (table 2) .
It was deemed important to ascertain that the result depended upon symbiotic growth and not upon the selection of an enzyme producing variant. Accordingly, the growth from 5 positive combinations was streaked on Bordet-Gengou agar, and, after 3 days' incubation anaerobically at 37 C, several single colony strains of each member of the combinations were reisolated. They were then tested for phenolsulfatase production separately and in various recombinations (table 3) . Again, the enzyme was generally not formed in the cultures of each organism by itself (40 of 42 tests were negative). It will be seen that all recombinations of staphylococci and fusiform bacilli produced phenolsulfatase, but that the results with the recombinations of diphtheroid and fusiform bacilli were less consistent. Furthermore, two of the separated strains of diphtheroid bacilli now produced small amounts of the enzyme when incubated anaerobically for 7 days. They, however, liberated only from 1 to 3 Ag of phenolphthalein per ml of phenolsulfate broth, whereas all of the positive combinations liberated more than 5 ,ug and the majority liberated more than 75 jAg (table 4) .
Since the fusiform bacillus seemed to be the essential microorganism, it was important to characterize it more exactly and to establish whether or not it could be induced to make phenolsulfatase when grown alone.
The fusiform bacilli were typical anaerobic gram negative slender rods, tapering at the ends, Fifteen single colony strains were tested for the production of hydrogen sulfide as recommended by Boe (1941) , except that 100 mg of cystine were used per liter instead of one g of cysteine hydrochloride. All 15 strains produced hydrogen sulfide abundantly within 48 hours of incubation anaerobically at 37 C. All of these cultures also contained indole when tested after 48 hours. Although cystine was added as a source of sulfur, it turned out to be also an excellent promoter of growth. Owing presumably to the greatly increased growth, much more acid was produced from glucose in this medium than in the chloride broth recommended for fermentation studies by Boe (1941) ,ug. Also, the growth was exceptionally heavy in this medium, the turbidity being equal to that produced by circa 109 Escherichia coli per ml, as measured in a Mlett-Summerson photoelectric colorimeter. Enzyme production and enhanced growth were induced in phenolsulfate broth also by the addition of from 50 to 80 mg of cystine per liter. After 7 days of anaerobic incubation in this medium, 2 strains liberated more than 75 pg of phenolphthalein per ml; one strain, 50 Mg; 2 strains, 15 pg; and a sixth strain, 10 ,ug. Again, the amount of growth was not the sole determinant, for in the presence of from 80 to 120 mg of cystine per liter, the amount of growth was even somewhat greater, yet no phenolsulfatase was produced. In view of the excellent results obtained in the mixed cultures of staphylococci and fusiform bacilli, it was surprising that neither killed staphylococci nor filtrates of staphylococcal cultures in phenolsulfate broth enhanced the growth of the fusiform bacilli.
Phenolsulfatase was formed adaptively under the conditions prevailing in mixed cultures. Samples from 5 of the combinations of pure cultures, which produced the enzyme in phenolsulfate broth (table 2), were each inoculated into duplicate tubes containing this broth wuhoud potassium phenolphthalein disulfate. One set of tubes was tested for phenolsulfatase after 3 days of aerobic incubation at 37 C; the other set, after 7 days. The cultures were centrifuged, and tests for enzymatic activity were carried out both with the supernates and with the sedimented bacteria. 
DISCUSSION
The results of the present study indicate that the phenolsulfatase found in saliva (Chauncey et al., 1954) may be the product of interactions between a fusiform bacillus and various other gingival microorganisms, of which staphylococci and microaerophilic gram negative cocci were the most consistently effective in the present experiments. Two mechanisms of such interactions seem probable: the ancillary organisms may lower the oxidation-reduction potential to the point required for the growth of the fusiform bacillus, and they may provide substances required by: the fusiform bacillus for both growth and phenolsulfatase production.
Evidently the first mechanism functioned, for the anaerobic fusiform bacillus grew well and phenolsulfatase was produced abundantly in the mixed cultures under aerobic incubation. Furthermore, it did not seem to matter which of the ancillary bacteria was used, though results were obtained most regularly with staphylococci. The amounts of phenolphthalein produced, however, were on the average the same with all of the active combinations. Adequate growth of the fusiform bacillus was not the sole requirement for phenolsulfatase production, for in several of the media tested, good growth of the fusiform bacillus by itself was obtained, but no phenolsulfatase could be demonstrated. Control experiments with mixed cultures showed that none of these media was inhibitory to phenolfulfatase formation or activty, except those to which more than 80 mg of cystine per liter had been added. Growth of the fusiform bacillus by itself, on the other hand, was progressively improved by the addition of more cystine, the maxmum tested being 120 mg per liter.
The ancilliry bacteria must have provided, in addition to a suitable oxidation-reduction potential, accessory factors required by the fusiform bacillus for growth and phenolsulfatase production, for the latter alone grew but poorly and did not make the enzyme in the phenolsulfate broth even when incubated anaerobically. This deficiency was overcome by the addition of not more than 80 mg of cystine per liter or of sterile raw potato. In the relatively few tests carried out in these media, however, less phenolphthalein was set free than in the mixed cultures. Contrary to expectation, the addition of heat-killed staphylococci or filtrates of staphylococcal broth cultures did not induce growth of the fusiform bacillus or phenolsulfata production. Posibly the necessary accessory factors, as provided by staphylococci, are unstable and hence were destroyed in the heated staphylococci, or were lost by adsorption during filtration of the broth.
If it should be found that phenolsulfatase is formed adaptively by gingival bacteria in their natural habitat, as it was in vitro, it would be of great interest to determine the nature of the educing substrate. The only organic sulfate evident in tissue is chondroitin sulfate, which is said not to be susceptible to phenolsulfatase (Fromageot, 1950 ).
Phenolsulfatase was formed in 20 of 21 aerobic cultures of mixed gingival bacteria in a broth containing phenolphthalein disulfate. It was formed also when a fusiform bacillus was cultivated together with one of several other bacteria isolated from such mixed cultuires, namely, staph., ylococci, beta streptococci, diphtheroid bacilli, and microaerophilic gram negative cocci. Evidence is presented that the ancillary bacteria provided both an oxidation-reduction potential and accessory factors required by the fusiform bacillus for growth and phenolsulfatas production. The fusiform bacillus grew well anaerobically and produced phenolsulfatase in the same medium when it was supplemented with not more than 80 mg of cystine per liter or with sterile raw potato. The enzyme was formed adaptively.
